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(54) HOLLOW EXTRUDED MATERIAL OF AL-CU-MG-SI ALLOY, EXCELLENT IN 
STRENGTH AND CORROSION RESISTANCE. AND ITS MANUFACTURE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hollow extrtided material of Al-Cu-Mg-Si type 
aluminum alloy-useful as a stoioturai body for transport equipment, such as automobile, 
excellent in strength and corrosion resistance, and capable of manufacture on an actual 
machine base. 

SOLUTION; This extruded material has a composition which consists of, by weight, 0.5-1.5% 
Si, 0.9-1 .6% Mg, 1.2-2.5% Cu, further 0.02-0.4% Cr, and the balance Al with inevitable 
impurities and in which conditional Inequalities 3sSi%+Mg%+Cu%S4, Mg%sl.7xSi%, Mg% 
+Si%s2.7, 2SSi%+Cu%s3.5, and Cu%/2SMg%S(Cu%/2)+0.6 are satisfied and the content of 
Mn as an Impurity Is limited to SO.05%. Moreover, when a tensile test is earned out, in a 
direction perpendicular to the direction of extrusion, with respect to the deposit of a hollow 
cross section fomied by mean of extrusion in which hot extrusion is performed to form a 
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CLAIMS 



[Claim(s)l 

[Claim 1]By weight % (it is below the same), by Cu:1.2 - 2.5 % Si:0.5-1.5 % and IVIg:0.9-1.6%. 
Conditional expression and 3 <=Si%+Mg%+Cu%<=4, Mg%<=1.7 xSi%, Mg%+Si%<=2.7, 2 
<=Si%+Cu%<=3.5, Si that satisfies Cu%/2 <=Mg%<=(Cu%/2)+0.6, Contain Mg and Cu and 
Cr:0.02 - 0.4 % is included further, And it is the extrudate of a hollow cross section which has 
0.05% or less of presentation which restricts and consists of remainder aluminum and 
inevitable impurities for Mn as an impurity, An aluminum-Cu-IVIg-Si system alloy hollow 
extruded material excellent in intensity fracturing in portions other than a welding when a 
tensile test is done on the direction of extrusion and rectangular directions about a welding in a 

[Claim 2JAn aluminum-Cu-Mg-Si system alloy hollow extruded material excellent in the 
intensity according to claim 1 to which an aluminum alloy is characterized by containing 

[Claim ajAfter more than 500 **'s homogenizing a billet of an aluminum alloy which has the 
presentation according to claim 1 or 2 at temperature of less than the melting point, It Is T (") 

(m/min) ] the range of 350 - 550 " the billet temperature T at the time of extrusion, A 
manufacturing method of an aluminum-Cu-IVIg-Si system alloy hollow extruded material 
excellent in intensity perfomiing hot extrusion molding to a hollow cross section using a 
porthole dice or a spider dice with an extmsion rate with which it is satisfied of conditions of 
V<=(1/12) xT-31 and V<=-(1/9) xT+60, and corrosion resistance. 

after hot extrusion molding, After performing solution treatment to hold and performing 
quenching treatment subsequently cooled to temperature below 100 " with a cooling rate at 
not less than 10 **/s, 170 A manufacturing method of an aiuminum-Cu-Mg-Si system alloy 
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hollow extruded material excellent in the intensity according to claim 3 which is -200 ** and is 
characterized by perfomning 2-24-h heat treatment, and corrosion resistance. 
[Claim 5]After more than 500 "'s homogenizing a billet of an aluminum alloy which has the 
presentation according to claim 1 or 2 at temperature of less than the melting point, It is T (") 
about billet temperature at the time of extoision. In [ when an extrusion rate is set to V 
(m/min) ] the range of 350 - 550 " the billet temperature T at the time of extrusion. With an 
extrusion rate with which it is satisfied of conditions of V<=(1/12) xT-31 and V<=-(1/9) xT+60. 
Hot extrusion molding is carried out to a hollow cross section using a porthole dice or a spider 
dice, A manufacturing method of an aluminum-Cu-Mg-Si system alloy hollow extruded material 
which was excellent in intensity performing 2-24-h heat treatment by 170 - 200 and 
corrosion resistance after performing quenching treatment which cools extrudate immediately 
after extrusion to temperature below 100 ** with a cooling rate at not less than 10 "/s. 
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• NOTICES • 

damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.*"* shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the invention] 

[Industrial Application]This invention relates to an aluminum-Cu-Mg-Si system alloy hollow 
extmded material excellent in intensity and corrosion resistance especially an aluminum-Cu- 
Mg-Si system alloy hollow extruded material suitably used as a structure of a transport- 
airplane machine, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]As performance required of the structure of another oar and 



characteristics (fatigue crack-proof propagation, fracture toughness, etc.) etc. ~ it is mentioned 
manufacture of not only intensity but material is performed as a development trend of the latest 




[0004]On the other hand, although the aluminum alloy of an aluminum-Mg-Si system (6000 
systems) is inferior to the above-mentioned high strength aluminum alloy In respect of 
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Mg-Si system alloy hollow extruded material excellent in the intensity which is stabilized and 
can perfonn manufacture at a speed of a system base and an actual production base, and 
corrosion resistance, and a manufacturing method for the same. 



[iVIeans for Solving the Problem]aluminum-Cu-Mg-Si system alloy hollow material excellent in 
intensity and corrosion resistance by this invention for attaining the above-mentioned purpose, 
By Si:0.5-1.5 %, Mg;0.9-1.6 %, and Cu:1.2 - 2.5 %. Conditional expression and 3 <=Si%+Mg% 
+Cu%<=4, Mg%<=1.7 xSi%, IMg%+Si%<=2.7, 2 <=Si%+Cu%<=3.5, Si that satisfies Cu%/2 
<=l«g%<=(Cu%/2)+0.6, Contain Mg and Cu and Cr0.02 - 0.4 % is included further, And it is 

er aluminum and inevitable impurities for Mn as an Impurity, When a 



iluminum alloy is characterized [ 2nd ] by 
;u-Mg-Si system alloy hollow extruded 



extrusion melding to a hollow cross section using a porthole dice or a spider dice. It heats in a 
temperature region of 50O - 580 ** with a heating rate more than 5 *7s after hot extrusion 
molding. After performing solution treatment to hold and performing quenching treatment 
subsequently cooled to temperature below 100 ** with a cooling rate at not less than 10 **/s, it 
Is characterized [ 2nd ] by performing 2-24-h heat treatment by 170 - 200 **. 
[0010]After more than 500 "'s homogenizing a billet of an aluminum alloy which has the 
above-mentioned presentation at temperature of less than the melting point. It is T (**) about 
billet temperature at the time of extrusion. When an extrusion rate Is set to V (m/min), the billet 
temperature T at the time of extrusion as a temperature requirement of 350 - 550 **, With an 
extrusion rate with which it is satisfied of conditions of V<=(1/12) xT-31 and V<=-(1/9) xT+60. 
Hot extrusion molding is carried out to a hollow cross section using a porthole dice or a spider 
dice, and after performing quenching treatment which cools extrudate immediately after 
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[001 1]lf meaning and a reason for limitation for each ingredient addition in an aluminum alloy 

compound Mg^Si, and will raise intensity of an alloy. Intensity with content of Si sufficient by 
less than 0.5 % is not obtained, but if contained exceeding 1.5%, ttie corrosion resistance of 
an alloy will fall. Therefore, the content range of Si has preferred 0.5 - 1 .5 %. It is more 
preferably considered as the range of 0.7 - 1 .2 %. 

[0012]IMg raises intensity of an alloy by coexisting with Si, and depositing Mg^Si, and 
coexisting with Cu, and canning out the detailed deposit of the compound CuMgAlj. Effect with 
content of Mg sufficient by less than 0.9 % is not acquired, but if 1.6 % is exceeded, corrosion 
resistance will fall. Therefore, the content range of Mg has preferred 0.9 - 1 .6 %. It is more 
preferably considered as the range of 1 .0 - 1 .2 %. 

[0013]Cu is an element contributed to improving strength of an alloy like Si and Mg. An effect 
of less than 1 .2 % is not enough as content, if contained exceeding 2.5 %, the corrosion 
resistance of an alloy will fall, deformation resistance at the time of extrusion becomes high, 
and pushes in hollow extrusion, and it is easy to produce plugging. Therefore, the content 
range of Cu has prefen^d 1 .2 - 2.5 %. It is more preferably considered as the range of 1 ,5 - 
2.0 %. Cr contributes to corrosion-resistant improvement while it carries out minuteness 
malting of the organization of an alloy and raises a moldability. A desirable content range is 
0.02-0.4 %, and is not enough as the effect, if 0,4 % is exceeded, it will become easy to form a 
big and rough intermetalllc compound, and a moldability will fall. [ of less than 0.02% ] 
[0014]. Mn makes a crystal grain detailed and raises alloy intensity. Since an intermetalllc 
compound of a Mn system generates, tills iVIn system compound serves as a starting point of 

still more preferably 0.02% or less preferably 0.05% or less. 

[0015]As mentioned above, although this invention contains Si, Mg, and Cu as an essential 
ingredient. About these ingredients, conditional expression and 3 <=Si%+Mg%+Cu%<=4, 
Mg%<=1 .7 xSi%, Mg%+Si%<=2.7, and 2 <=Si%+Cu%<=3.5, A desirable dispersion state of 
an intennetalNc compound which gives intensity and extrusion-molding nature which enables 
manufacture of a hollow extruded material to an alloy is acquired without it becoming 
indispensable requirements to satisfy Cu%/2 <=Mg%<=(Cu%/2)+0.e, and reducing the 
conrosion resistance of a charge of an alloy on this condition. If desirable distribution of a 
compound has a total content of Si, Mg, and Cu difficult to get at less than 3 % and 4 % is 
exceeded, the corrosion resistance of an alloy will be degraded. Mg%<=1 .7 xSi% and Mg% 
+Si%<=2.7, quantitative relation of Mg and Si, Quantitative relation of Si and Cu by setting 
quantitative relation of 2 <=Si%+Cu%<=3.5, and Mg and Cu to Cu%/2 <=Mg<= (Cu%/2)+0.6, 
A generated amount of an intermetallic compound and a distribution state are controlled, and 
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the good strength property of balance, extrusion nature, and corrosion resists 

I0016lZn added as a selection ingredient fomis an intermetallic compound, ai 
intensity of an alloy while it makes a grain size number of an aiioy detailed. A 
addition is 0.03-2.0 %. The effect has a small addition of Zn at less than amir 
maximum is surpassed and it is added, generation of a big and rough interme 
will increase, and a moldabiiity and corrosion resistance will deteriorate, in this invention, in 

usual aluminum aiioy and to raise a moldabiiity, even if it adds Ti of 0.005 - 0.1 %, and 1-50 

ppm B, the characteristic of this invention is not influenced. 

[0017] 

[Embodiment of the inventlonjlf the desirable manufacturing method of the aluminum aiioy 
hollow extruded material of this invention is explained , Ingot making of the molten metal of the 

continuous casting, and more than 500 ** homogenizes the obtained billet for extrusion at the 
temperature of less than the melting point. It becomes less than 500 ** is not enough as 



[00 1 8]Subsequentiy, biliet temperature T (") at the time of extrusion is made into 350 - 550 ", 
and it is V<=(1/12) xT-31 and V<=-(1/9) xT+60 (however, V: extrusion rate (m/min)). With the 
extrusion rate with which it is satisfied of conditions. Hot extmsion molding is performed to a 

of the above [ an extrusion rate ), it reaches and pushes on the pressure limitation of an 
extrusion machine, and plugging arises or it becomes easy to produce a crack in extrudate. 
[0019]After performing solution treatment heated and held In the temperature region of 500 - 
580 " with the Ineating rate more than 5 "/s after hot extrusion molding and performing 
quenching treatment subsequently cooled to the temperature below 100 " with the cooling 
rate at not less than 1 0 "/s, 2-24-h heat treatment is performed by 170 - 200 **. The 
elongation after 16 processing falls that the heating rate in solution treatment tends to make a 
crystal grain big and rough by less than 5 "Is. It becomes insufficient [ less than 500 " ] 
dissolving retention temperature of a sludge, and intensity and elongation become low. 580 If 
" is exceeded, elongation will fall by local euteotic crystal fusion. The cooling rate at the time 
of hardening treatment deposits in the distribution state which Is not desirable in less than 10 
"/[ in s ], ductility falls, and corrosion resistance, intensity, and elongation are injured. 
[00201Although the aluminum alloy material of this invention has offered the elongation which 
was excellent also where after-hardening room temperature prescription is earned out (T4 
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temper), preferably, it performs stretch leveling after hardening and perfomis 2-24-h heat 
treatment by 1 70 - 200 ". Since prolonged heat treatment is needed In order that heat 
treatment temperature may obtain desired performance by less than 170 ", heat treatment i 
the temperature exceeding 200 " reduces intensity undesirably on industrial production. 
Intensity with heat treating time sufficient at less than 2h Is not obtained, but if 24 h is 
exceeded, intensity will begin to fall. 

[0021]After more than 600 "'s homogenizing the billet of an aluminum alloy which has the 
above-mentioned presentation at the temperature of less than the melting point in this 
Invention, With the extrusion rate (m/min) which makes billet temperature T (") at the lime o 
extmsion the temperature of the range of 350 - 550 " and with which it Is satisfied of the 
conditions of V<=(1/12) xT-31 and V<=-(1/9) xT+60. Hot extrusion molding is carried out to £ 
hollow cross section using a porthole dice or a spider dice. After performing quenching 
treatment which applies with die quenching, extrudes and cools the next hollow extruded 
material to the temperature below 1 00 *• with the cooling rate at not less than 10 "Is, the 
hollow extmded material which has this invention expected characteristic can be obtained al: 
by performing 2-24-h heat treatment by 170 - 200 
[0022] 

[ExampleJHereafter, the example of this invention is described as contrasted with a 



extrusion section into section "day" type, R of 67 mm[ in width ] x71 mm in height, and a cornel 
part made 140 mm in width, 75 mm in height, the thicl<ness of 2 mm, and the inner side size of 
two centrums a 2-mm thing, respectively. It is formed In the center section (respectively four 
places) of each wall of the two above-mentioned rectangular pipe-like centrums at this hollow 
extruded material. 

[0023]Subsequently, quenching treatment of the hollow extruded materia! was carried out with 



)th (sigmag) and proof stress (sigmaj, j) ~ extended (delta)) was 
measured, and Intergranular corrosion testing was done. Intergranular corrosion testing is 
according to JISW 1 103 to the 30 ** test liquid which adjusted NaCI57g and 30%Hp^ to 1 
with water after washing a hollow extruded material. After carrying out time Immersion, 
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Example 1. A result Is shown In Table 4. In Table 3, the underline was given to what separates 
from the conditions of this invention. 
[0029] 
[Table 3] 




«Table Note» As for IVIg>1 .7 xSi and alloy No.8, in Si+Mg+Cu<3 alloy No.7, Cu/2<Mg, and 
alloy No.9 is [ alloy No. 5 / Si+Mg+Cu>4 and alloy No.6 ] Mg>{Cu/2)+0.6. [0030] 
(Table 4] 




[0031]lntensity, a moldability, or corrosion resistance is inferior in what separates from the limit 
and conditional expression of alloy composition of this invention so that it may see in Table 4. 
Alloy No.5 has bad corrosion resistance, in order that the total quantity of Si, Mg, and Cu may 
exceed 4. The total quantity of Si, Mg, and Cu of alloy No.6 Is 3. Since it is the following, 
intensity is low. Corrosion resistance is inferior, in order that alloy No.7 may not satisfy the 
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expression of relations of Mg and Si, and in order that aiioy Ni 
expression of relations of Mg and Cu. Sample board No.10 ha 
amount of Mn exceeds fjli limits alloy No.11, and since sampi 



[Effect of thi 

corrosion resistance and an aluminum alloy hollow extruded material of an aluminum- 
Si system in which manufacture in a system base is possible, and a manufacturing m 
the same are provided. This hollow extruded material is useful as a structure of transf 
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